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HOPJXESS IN WATTLE BARK INFUSIONS.

By R. Greig-S-mith, D.Sc, Macleay Bacteriologist to the Society.

(With Plate ix.)

The development of i-opiness in tan liquors is oeeasionally met with and \n-o-

Ijably would be of more conunon occurrence but for the fact that tanners have

learnt by experience how to treat their liquors in order to avoid this objectionable

fermentation. The phenomenon does not appear to have been examined, or at

least no information about such rojiiness has been published. Doubtless the rea-

son for this lies in the difficulty of isolating an organism, capable of producing

ropiness, from such a population of diverse organisms as must be present in a

fluid with the history of tan. liquor. But, beyond this fact, there is something
about the subject that is peculiar, as was shown before this investigation was

begun. A tan li(|uor claimed to be ropy was sent to the laboratory and upon

being examined no ropiness could be detected. It was (uiite limpid and, upon

being tested for viscosity, showed a water ratio of 1.0714 at 19°. When allowed

to flow through a tine capillary, 100 e.e. of the reputed ropy liquor ran through
in 210 seconds as against 196 seconds for distilled water. The liquid was plated

and the bacteria examined, but no ropy organisms could be detected.

The Isolation of the Bacteria.

On account of the diversity of the tan liquor fliu'a and the difficulty of ob-

taining a good specimen of ropy liquor at the time, the writer considered that the

]>roblem could best be attacked from the side of the wattle bark. There promised
to be more chance of obtaining an organism capable of causing the ropy fermen-

tation of raw bark infusions than of isolating a similar organism from a ropy
tan liquor. As a matter of fact, during some experimental work, ropiness did de-

velop in a bark infusion and a search showed, among many colonies, one pos-

sessing a ropy consistency upon a plate of dextrose medium. The organism
also caused a fluid medium containing dextrose to become ropy. It was reserved

until occasion permitted its further examination .

Some months later, it was decided to isolate fresh races of the ropy organism.

FragTiients of wattle bark (Acacia p/ionnitha) were jiut into boltles and covercil

with water and sometimes with nutrient li(|uids. Two bottles out of many showed

ropiness. One of them had received raw tap water, the other boiled tap water

with 0.25 % meat-extract. It was evident that the bacterium was to be found

in the bark and was not derived from an outside source such as the tap water and,

from the great number of bottles that were prepared, it was shown that the

liacteria were not to be found on every bit of bark. A further test as to the

.absence of the bacteria in tap water was made by filtering a (piantity of water
and using the sli'ne that adhered to the candle in conjunction with sterilised and
raw baiks. No ro]iiness developed in either case.
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It was noted, but this may be of no importance, that the ropy infusions were

slow to show gi-owths of moukls on the surface of the fluids, while all the non-

ropy tests soon became covered with mould. Possibly the ropy bacterium

utilised all the available carbohydrate.

The ropy fluids in both of the positive tests contained many bacteria capable

of forming slime on dextrose media, but only one of the numerous forms pro-

duced ropy colonies and the same organism was found in both positive tests. It

gave a canary-coloured, loose, slightly raised growth on nutrient agar, and under

the microscope appeared as a round yellow colony with central granules and

homogeneous periphery. The bacterium was gi-own in bouillon and after some

time another bacterium of identical form but with different cultural characters

appeared. This was at first supposed to be an impurity in the original colony

but the same supposed impurity appeared in both races and in others obtained

at a later date from bark. The supposed impurity was subsequently recognised

as a phase of the original organism. Al .

The ropy organism first isolated and set aside for future examination will be

referred to as B., the most active phase of which is P>2. The organism isolated

later and obtained several times from wattle-bark will be called A. Both bacteria

exist in phases best recognised by the appearance of the colonies growing on the

surface of nutrient agar. There is the primary phase, such as Al, a weak rope-

produeer, which can be altered into the strong rope-producer, A2 . The change of

phase is not abrupt and transition phases are met with. Some of these, generally

yellow in colour by transmitted light, are closer related to Al, others, grey or

smoky, are nearer akin to A2. The phase Bl was occasionally noted but, as com-

pared with A2. B2 is remarkably stable.

The ropy bacterium, mixed i)ossibly with the altered phase, readily developed

ropiness in nutritive solutions containing dextrose, but did not have any apparent

acti(m upon a sterilised infusion of wattle bark. In case the infusion had been

altered by the sterilisation and become unsuitable tor tlie development of the ropy

substance, the bacteria were grown in pasteurised infusion, then in infusion

stei-ilised by filtration through porcelain and finally in raw infusion, but in none

of these was there any trace of ropiness. This was rather aggTavating but cjuite

in keeping with certain earlier attempts to transfer the ropiness of the original

infusion to bottles containing healthy infusions. Unless a mass infection were

made, the ropine-ss could not be transferred, and one had the suspicion that the

ropy substance had not increased, but had simply become more diffuse.

The explanation of the apparent anomaly was found after it had been shown

that the slime or ropy material was coagulated by tannic acid. It follows from

this observation that in the original case the ropiness had developed liefore much

tannin had passed into the water, otlierwise the slime ])roduced by the bacteria

would have been coagiilated upon the bodies of the bacteria, and would have pie-

vented them becoming distributed in the bulk of the liquid. To prove the rea-

soning, wattle bark, sterilised at 130°. was covered with water, seeded with the

bacterium, B2, and incubated at 28°. In sixteen hours a ropy infusion was ob-

tained. A repetition gave the same result.

So far we have arrived at the stage that ropiness is developed in weak in-

fusions of bark substance and not in strong, and it remained to determine the

amount of tannin wliich would permit or prohibit the production of slime.

On account of the inability to obtain a pure tannin, tannic acid was employed
in the experimental wdik with s^Tithetic media. TVattle bark infusion contains
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tanuiu with certain nutritive substances. These consist partlj- of salts, partly of

nitrogenous bodies, probably amido-aeitls akin to asparagin and pai-tly of sugar.

The latter is either free or so loosely combined with the glucosidal tannin as to

be readily fermentable by yeasts or by B. eoli communis.

A saline solution containing 2 <"<- dextrose, 0.2 % asparagin and mixed salts

was treated with increasing quantities of tannic acid and portions were seeded

with the phase B2. The portion with 5 % of tannic acid showed a gi-owth of

bacteria but there was no evidence of ropiness. The portions with 2 % and less

were ropy in 16 hours. Twenty-five days afterwards, the portion with 1 % was

ropy, the others were not and contained fiocculent sediments. This experiment

mdi'-ated tliat the organism could develo)i ropiness in fluids containnig dextrose

and up to 2 % of tannic acid. This amount seemed to be the limit, as in coui-se

of time it slowly coagulated the ropy substance.

Experiments with Infusions of Bark.

An infusion of wattle bark was sterilised by filtration through porcelain. It

had a Sp.G. of 1.026 at 22° which is roughly equivalent to 5% of tannin.

Portions of this infusion were diluted and seeded with bacterium A. subsequently

tound to be a mixture of Al and A2. Ropiness appeared in 16 houi-s with the

quarter streng-th while the half strength was unaltered . An extension of this ex-

periment with more graduated strengths was made with the results as shown in

the table.

Table i. —"Diluted Infusion of Bark.

Days at 28" 3

Bark infusion, diluted. Sp. G., 1.026.

10 to ion

1.5 tc 100

20 to 100

2.5 to ion

;io to 100

35 to 100

s
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extract to seventeen oi water, thus briugmg the original approximately 5 % of

tannin down to about | %. The solution was divided into three sets, each set

containing a control and two other portions, one with 0.2 % and one with 0.4 %
of calcium lactate. The sets were seeded with phases Al, A2 and B2. Phase Al

did not become ropy. Phase B2 developed ropmess in the control only, while

phase A2 showed ropiness in all tests . In these, the ropiness did not appear until

the third day at 28° and it had disappeared by the sixth, giving place to cob-

webby growths consisting of bacteria emmeshed in coagulated slime. The ex-

periment showed that ropiness may develop in dilutions of old extract of wattle-

bark and that it soon disappears. It also seemed to sliow that calcium lactate, a

substance probably occurring in old tan liquors, has little or no influence in as-

sisting the ropy fermentation.

During the investigation the bacteria were tested to see if they retained the

power of making infusions of wattle bark ropy. Their- physiological activities

were being tested in sj'nthetic solutions, and in these the characteristic ropiness

was being produced, but it -vras considered advisable to prove that this also hap-

]iened in bark infusions. Thirty gram portions of raw bark were put into sterile

4-oiince bottles and 50 e.c. portions of sterile water were added. The water

just covered the bark. The liquids were seeded with the bacteria and incubated

at 28°. Upon the first occasion of this routine testing, phase Al produced the

characteristic ropiness in a day and phases B2 and A2 in two days.

Twelve days later the test was repeated. Phases B2 and A2a developed the

ropiness in two days, a duplicate race of B2 in three days. By the fourth day,

phase A2 had developed ropiness. Phase Al, which had given a positive result

twelve days before, was negative.

Other tests made from time to time showed, like the above, a certain varia-

bility in the activity of the phases. Tliis was to be expected, for a stock culture

could not be kept on account of the alteration . of one phase into another. The

bacteria were carried over from colony to colony, that is, plates were smeared

every few days and from these, colonies were picked out and seeded into bouillon.

It was only by proceeding in this way that the phases Al and A2 could be main-

tained in a pure state.

When infected bark is covered with water and allowed to stand, the bacteria

gr-ow and produce the ropy substance, while the solution increases in strength.

The bacteria apparently grow in clumps of slime, that is to. say, they form a

coherent sHrne and remain imbedded in this slimey environment. This is demon-

strated when the bacteria are gTown in saccharine nutrient solutions containing

chalk
;

the blobs of cohesive slime can be seen upon rotating the flask, and they are

meapable of being broken up by the rotation of the flask. Once the blob of

slime around the bacteria is admitted, it becomes a matter of question as to the

diffusive speed of the tannins and non-tannins through the slimes, just as it is

a question about the diffusive speed of the non-tannins and tannins from the bark.

If in making an extract, the non-tannins, which we will presume are chiefly

bacterial nutrients are the first to diffuse, or preponderate in the initial diffusion,

the bacteria will grow and, in doing so, form a protective slime envelope which

may be protective until the tannins become sufficiently concentrated to coagulate

it. Such a coagulation occurs experimentally in dilute infusions of bark, but it

has not been observed to occur in cases where the bark has been covered with

water, and the infusion allowed to remain in contact with the bark.

In an endeavour to throw some light upon this matter, portions of raw bark

were treated with water in the ratio of three of bark to five of water, and after
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contact for varying times, the infusions were filtered. Tlie following were the

Specific Gravities of the extracts :
—15 minutes, 1.010

;
30 minutes, 1.013 ; 1 hour,

1.016; 2 hours, 1.020; 3 hours, 1.024; 4 hours, 1.027; 5 hours, 1.029; 1 day,

1.048; 3 days, 1.052. The infusions were portioned into tubes and seeded with

phases of the bacteria.

Phase Al: no ropiness in any of the extracts.

A2: ropiness in all up to three hours.

B2: ropiness in all up to 24 hours.

The experiment was repeated with new extracts i\\> to ti\e hours.

Phase Al : no ro]>iness in any of the extracts .

A2 : ropiness in al! extracts.

B2 : ropiness in all extracts .

From the earlier tests with bark extract, it appeared pi'obable that tannin

when present in excess will prohibit the formation of the ropy substance. But
we are in doubt as to just hnw much will constitute an excess. Tannic acid

seemed to act differently t'nnn tlie tannin in bark extract, and it is possil)le that

ropiness occui's when there is a balance between the tannins and non-tannins of

the extracts. Several experiments were made with the idea of feeling the way
in this direction.

A quantity of bark was infused for two days at 28° with twice the weight of

water. The infusion had a Sp. G. of 1.053. Portions were seeded with the

various phases of the bacteria and in no case was ropiness obtained. The extract

was probably too rich in tannin to permit the formation of the slime. It was
then jn'ogressively diluted down to one-tenth the strength and seeded with phases
A2 and B2. No ropiness became apparent. Bearing in mind the earlier ex-

periment with the tamed infusions of bark, in which the live hours' infusion having
a Sp. G. of 1.029 became ropy, it seems that this longer infusion, after dilution

to an approximate Sp. G. of 1,005, failed to produce ropiness because the tan-

nins overwhelmed tlie activity of the nutrients.

In another experiment bark was treated for two hours with twice its weight
of water and filtered. A i|uantity of water equal to that removed was added

to the residual bark and allowed to remain in contact for 22 hours. The tivo

infusions were callei

of solids and 0.232

The two infusions were mixed in descending and ascending proportions from 5

to and from to 5 and seeded with A2 and B2. The tests witli B2 did not

become ropy.

Table ii. —Medium and Stronu- Infusion of Hark.

Phase
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The experiment seems to indicate that as the water lies in contact witii the

bark, tlie nutrients and tannins diffuse out and the proportion of these is such

that ropiuess can develop. But after a time, the tannins begin to preponderate

and the development of ropiness is prevented .

Infusion "A" was treated with increasing amounts of tannic acid and seeded

with A2. Ropiness developed in the ccatrol, but not in the portions containing

_0 . 5 % and over .

The Change in Reaction.

During the growth in synthetic media, the bacteria prc.duce a small but

definite amount of acid from the sugar. In the presence of gljcerine the medium

may remain unaltered or it may become less acid. For example, a ropy dextrose

fluid showed -4-3.4° while the control was -(-1.7°. A bulk culture with glycerine

had at the start -\-2° to methyl red, -f5.5° to litmus and -(-8.5 to phenolphth-

alein . On the 6th and 12th days, when ([uite ropy, the same respective acidities

were determinl-d . This however is unusual, for in other cases the glycerine me-

dium became alkaline, as will be seen in some experiments given in the pages

that follow.

The effect of varying the original acidity upon the development of ropiness

was tested in a few expei'iuients.

A fluid containing glycerine, meat extract and salts was divided into 50 c.e.

portions, and these were given progressive quantities of phosphoric acid before

being seeded with the bacterium A which was probably a mixture of the phases

Al and A2. Ropiness appeared on the fourth day at 28° in the portions con-

taining originally an acidity of from -3° to methyl-red (=-(-2.5° to phenolphth-

alein) to -(-6° (=11.5°) but not in those containing -(-16° (=21. f°) and over.

The conditions were unchanged on the sixth day.

A similar test was made with dextrose in place of glycerine . After sterilisa-

tion the fluid showed -9° to methyl-red and -[-6° to phenolphthalein . The por-

tions were acidified progressively and seeded with the mixed phases, Al and A2.

Table iii. -Dextrose with increasing acidity.

Phase
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of ropiness. When tbe acidity is greater the ropy material assumes the tloeculent

condition. In most cases the ropiness was evanescent and soon disappeared, a

circumstance which was subsequently traced to the presence of the phase Al.

The acidity in the presence of dextrose probably increased, for the portions with

-f-15° of original acidity showed -(-20° at the end of the experiment.

Another test was made with glycerine, using 0.5 %of the hydrated phosphate

of soda instead of the usual mixture of salts. The medium as prepared was

neutral to methyl-red and portions were acidified with jiliosjihoric acid.

Table iv. —Glycerine with increasing acidity.

Phase
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pliases known as Al, A2 and A2a. From the plates they were seeded into

nutrient broth and transfers were made daily. In tliis medium they doubtless

altered in the one direction or the other, but the change was very much slower

tlian when a sugar or glycerine was present. The first test with the dextrose

medium was made one day after isolation from the plate, and during the growth
the medium became ropy and then, after an inter\al, the ropiness disappeared
and the liquid became limpid.

Al became lini|)icl mi the 3rd day.
A2 15th day.
A2a 2()th day.

The second test was made six days after the isolation of the phase.
Al became limpid on the 3rd day.
A2 20th day.
A2a was still ropy on the 26th day.

The tliii'd test was made thirteen days after the isolation.

Al Ijecame limjiid on the 6th day.
A2 was limpid on the 22nd day.
A2a was still ropy on the 22nd day.
Al -\- A2 was limpid on the 8th day.
Al

-)- A2a was limpid on the 8th day.
In this test the purity of the phases was examined in a few eases. On the

12th day, Al contained a few pure typical colonies, and on the 19th day no bac-

teria were found in a large loop of the culture. The digestion of the slime is

apparently a prelude to the disintegration or death of the bacteria. On the 12th

day both A2 and A2a contained bacteria which grew as colonies ^ith the tint of

Al but much more granular; the granular lumps radiated to the margin and
became larger as they appi'oached the edge. This was the transition stage be-

tween phase Al and A2. On the same day, large loops taken from the mixed

growths of Al with A2 and A2a were found to l)e sterile. Phase A2 consisted

of Al with a few of A2.

Other instances of the solution of tlie ropy material will bo seen in the ex-

periments dealing with the saline and carbonaceous nutrients.

The phase A2a gives a more ropy colony on nutrient agar than A2 which
is somewhat gelatinous and is not so elastic when touched with the needle. It is,

however, difficult to discriminate between the two as, when free to grow, the

phase A2 often preponderates. That is to say, a plate when smeared with a

reputed culture of either A2 or A2a may show a preponderance of A2a in the

comparatively thickly sown parts and A2 in the areas with few colonies. At
times, the two phases seemed to be I'emarkably consistent in remaining true to

phase. In the majority of the experiments, A2a, has been classified under the

phaSe A2 foi< the sake of simplicity but where both A2 and A2a have been

simultaneously tested, the original designations have been retained to indicate a

duplicate test.

The earlier observations led to the belief that the disappearance might result

from the formation of acid from the sugar but this was negatived by an experi-
ment made with tlie idea of determinhig the nature of the acids formed in the

presence of sugar. The medium contained dextrose, meat-extract, potassium
chloride and chalk; it was seeded w^th a mixture of Al and A2 then known as

Bact. A. The liquid never became acid and the particles of chalk were freely

suspended when the fla.sk was rotated. It was first incubated at 37°, at which
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temperature uo ropiness developeil. Then the fiask was trausf erred to au iu-

cubator at 28° and the culture became strongly ropy, the brownish ropy blobs,

one (it which was about two inches iu diameter, were clearly shown against the

milky chalk suspension. The flask was returned to the incubator at 37° when

the ropiness disappeared. Once more the ropiness appeared at "28°. These ob-

servations clearly show that a digestion of the ropy substance occurs at 37° in a

neutral solution. An acid reaction of the medium is not essential for the diges-

tion of the slime but it is possible that it may assist.

That the temperature has mucli to do with the speed of the digestion of tlie

slime was shown in a test in whicii jihase Al was grown at 22° and at 28°.

Both were ropy on the second day. the 28° test was limpid on the 5th and the 22°

test on the 8th day.
The experiment with chalk suggested the secretion of a slime-dissolving enzyme

by the i>hase Al. Prolmbly this is so but when experiments were made in which

old fluid cultures of Al were added to lumps of the purified gelatinous slime of

A2 in presence of an antiseptic, no solution of the slime was ol)tained.

It became evident that phase Al was capable of forming and eventually

digesting the ropy substance. It also rapidly dies out and it may be noted in

this connection that it jn-oduces a more rapid liquefaction of gelatine. If the

A2 phase is used originally, the ropy substance may j)ersist, while if a mixture

of the phases is initially present, digestion occurs, but at a later period than in

the case of the pure Al phase. It seemed to be entirely a question of the rela-

tive numbers of the two phases during the period of bacterial growth. Instances

of the autodigestion of the ropy material will be found in tlic exiiciiments with

the various svfgars and salts.

Change uf Phase.

These observations led to testing the reversion or alteration of the pha,ses.

It had been noted that glycerine favoured the production of ropiness from phase

Al and that dextrose did not or, if it did, the ropy fluid subsequently became

limpid. This was confirmed in experiments subsequently recorded with sugars,

etc., where i-opiness slowly developed and persisted in the presence of glycerine

but did not persist when other sources of carbon were used.

-V specific test was made with cultures of the phases Al and A2 taken from

]iuic colonies and grown in broth for one day before being seeded into tlie test

bottles. Phase Al was .sown in a fluid containing glycerine, meat-extract and

sodimu phosphate while phase A2 was grown in dextrose with mixed salts as on

p. .58. Rotli tests were ropy on the third day, and on tile thirteentli day, phase
Al in the glycerine was quite ropy, while phase A2 in the dextrose was limpid.

Plates were piepared on the thirteentli day and these showed that piiase Al con-

sisted of a mixture of typical colonies of phases Al and A2, and that iiha.se A2
hail licen altered into more or less vacuolated colonics of phase Al .

The experiment conclusively slmwed that the phases were reversil)h'.

The Action uf I'lnniic Acid.

The bacterium B2 was peculiar in giving iiroiKJunced riqiy solutions when

seeded into infusions of wattle l)ark of increasing strength and little ropiness in

synthetic liiiiiids. The reason for this could only he explained liy testing tlie

various nutrients in tlie presence of the nearest approach to the tannins avail-

able. niiiMch laiiriic acid. It imiv lie that the tannins in wattle bark infusions
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behave dili'ereatly to commercial tannic acid and this should be kept in mind

when interpreting: the results obtained in testing the commercial acid.

A solution of dextrose, meat extract and mixed salts was prepared, and to

portions quantities of tannic acid rising from zero up to 0.6 % were added

before the addition of B'2. That with 0.1 <'f gave a faint ropiness and those

with 0.2 % to 0.5 Sc contained slimey striug-s. There was no pronounced ropi-

ness in any of them.

As meat extract forms a precipitate with tannic acid, it was replaced by

asparagin. In this solution, B2 produced ropiness in the presence of 0.1 %
and 0.2 % of tannic acid. The control test and those with quantities greater

than 0.2 % ga\e a good growth of bacteria but no slime.

The experiment was repeated with a slightly greater percentage of asparagin

(0.2 %) and dextrose (3 %) with mixed salts. Phase A2 gave ropy liquids

with the control and 0.1 % of tannic acid, but not with larger quantities. Phase

B2 only produced feebly gelatinous surface ring's with quantities of tannic acid

up to 0.2 Si:-

A medium containing levulose, 3 %, asparagin, U.2 r^ and potassium citrate,

0.1 %, was prepared and .seeded with phases A2 and B2. The former was a very

active sUme producer when used and produced ropiness in the presence of quan-

tities of tannic acid up to 0.5% and a slight ropiness with 1 %. Phase B2

gave an evanescent ropiness in the flask containing 0.5 per cent only, and not in

any of the others.

The influence of the original acidity of the medium was tested by means of

a solution containing dextrose, asparagin and mixed salts. One set had an

acidity to phenulphthaleiu of -|-17°, another was neutralised until the acidity was

-|-2.5°. Both were seeded with phase B2. That with -(-17'- gave no ropiness

in the control, a slight ropiness with 1 % of tannic acid and a distinct ropiness

with 0.2 %; larger amounts were negative. With -|-2.5°, ropiness developed in

the control test only. Thus the production of ropiness was irregular. Phase B2

gave ropiness in the control with -(-2.5° and not with -[-17°; with -(-17'' and a

small cjuantity of tannic acid it produced a ropy fluid.

In these experiments with tannic acid, either dextrose or levulose had been

used and with them a certain irregularity of effect had been obtained. It was

therefore deemed advisable to test the effect of other sources of carbon. As will

be seen later, the experiment with nitrogenous nutrients seemed to indicate that a

maximum amount of ropy substance would be formed in the presence of asparagin

or ammonium sulphate. Similarly, the saline experiments indicated that sodium

succinate was a favourable salt. Accordingly, media were prepared containing

asparagin or ammonium sulphate 0.25 %, sodium succinate 0.2 % and a source

of carbon 2 %. Tannic acid to the extent of 0.5 %was added to each flask after

infection, by which procedure a coagulation of the infecting droplet was avoided.

When a drop of infected bouillon, is added to a solution of tannic acid, the drop
is coagulated and the contained bacteria are probably prevented from being dis-

persed freely in the liquid. It is possible that much of the irregularity in the

previous experiments may have been due to this imprisonment of the bacteria.

The gToups of flasks were seeded with A2 and B2. Another group was

seeded with Bl but as a plate, smeared at the time of infection showed that the

phase had become altered to B2, the group became a duplicate of B2. Phase B2

was pure, while A2 at the time of seeding contained 90 % of A2 and 10 % of Al.
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Table v. —Sugars, etc. with 0-5% Tannic Acid.

Phase A2 B2

Source of Nitrogen Asparagin
Ammonium

Sulphate
Asparagin

Ammonium
Sulphate

Days at 28° 6
i

10 6 10 6 10 6 10

1. Dextrose

2. Levulose

3. Saccharose

4. Maltose

o. Galactose

6. Raifinose

7. Mannit

8. Control

(0

O O

O

s

o

o

s

o

o

( o
o i o
i. ( o
^

is

-
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The diiplictite tests ut' phase B2 were lairly cuiieonhmt; ditt'erences were ob-

tained with levulose and saccharose in conjunction with ammonium sulphate.

With asparagin, a slight difference occurred in the case of levulose.

Phase IVi, in this experiment, was shown to possess considerable activity in

producing ropiness in tlie presence of tannic acid as compared with the prelimin-

ary tests, liut it is possible that the saline constituents had much to do with the

ditt'erences obtained .

In the experiment the media contained 0.5 of tannic acid and, as ropiness was

obtained with this percentage, it was deemed advisable to see to what extent the

most active phase could tolerate this acid. A medium containing dextrose 2 %,

asparagin or ammonium sulphate 0.25 % and sodium succinate 0.2 % was por-

tioned out and seeded with phase A2 taken from a colony two days previously.

Then the various quantities of tannic acid were added.

Table vi. —Dextrose with increasina; Tannic Acid.

Phase
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The teiideney of the tannic; acid is to alter the phase A2 to Al but this pro-

bably occurs alter the ropy substance has been formed in the medium.

The experiment showed that a fairly active culture of the phase A2 could

produce ropiness in the presence of <iuantities of tannic acid up to 1 % with

ammonium sulphate, and up to 1.5 % with asparagin.

The sugar test with 0.5 % of tannic acid showed that galactose was a useful

sugar for inducing the formation of ropiness, and an experiment was made to

see the effect of increasing quantities of tannic acid in the presence of this sugar.

The medium contained galactose 2 %, asparagin 0.25 %, sodium succinate 0.1 %,
and sodium jiliospliate, anhydrous. 0.2 %. The phases were plated at the start

and found to be pure.
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It is clear from the experiment that tlie phase Al is capable of producing-

ropiness in the presence of from 0.5 % to 1.25 % ofi tannic acid in a medium

containing galactose. With 0.25 % there was no ropiness formed, and as the

acid increased, so did the viscosity. Tannic acid or, possibly, acidity seems

therefore to be a sine qua non for the foi-mation of ropiness by this phase of the

. liacterium A.

The phase A2 at the time of the experiment was a strong slime-foi-mer, and

gave a pronounced ropy solution in the presence of amounts of tannic acid up to

] %. The ropy substance had been formed in the early days of the experiment,

and it did not alter, although the phase in the ease of 0.5 % of tannic acid

changed to a mixture of phases, and in the case of 1 % it changed to Al.

The phase B2 gave ropiness in amounts of tannic acid up to 2.25 %, but the

viscosity of the solutions was never so pronounced as in the ease of A2. The

most viscous solution was obtained in the presence of 1 %of tannic acid.

The experiment shows that the three phases which were tested produced

ropiness in synthetic media when the tannic acid varied in amount up to 1.25 %
or 2.25 %, and that the tendency of the bacterial phase A2 is to change, in the

presence of tannic acid, to Al, and for the bacterial phase B2 to remain constant.

The same galactose medium was used to determine the comparative amounts

of tannic acid and of phosphoric acid necessary to prevent the formation of ropi-

ness by phase A2.

Table viii. —Tannic and Phosphoric Acids compared.

Phase
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Talile viiiiz. -Percentage Composition of the Phases (Seventh day).

Tannic Acid
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noiinced ropiness with ((uantities of tannic acid up to 0.4 % and a slight ropiuoss

with 0.7%. On the 4tli and 9th days these contained a pure culture of B2.

The experiment was repeated a fortnight later with a similarly prepared in-

fusion. It had a Sp. G. 1.023 at 21° and an acidity of +24° by Procter's

lime water test. A similar infusion made on the following- day at 21° had a Sp. Gr.

1.022. -|-22.5° by Procter's test and -|-7° to methyl-red. Procter's test seems to

indicate the acids other than tannic acid that are present, for tannic acid- in pur-i

solution is precipitated at once by the lime water.

Table ix. —Bark infusion with Tannic Acid.

Phase
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in the sugar content might enahle the organism to withstand a higher amoimt of

tannic acid. To test the matter portions of fluid containing asparagin 0.5 %,
and sodium succinate 0.2 %, were given increasing amounts of dextrose and of

tannic acid. The portions were seeded with a drop of a bouillon culture of A2
which at the time of inoculation contained A2, 85 %, and Al, 15 %, as shown

by plate culture.

TiiVile X. —Increasing Dextrose and Tannic Acid.

Dextrose %
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Table xi. —Sources of Nitrogen.

69

Phase
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Confirmatory tests were made witli phase Al, a mixture of Al with A2. and

with A2 using- levuh)se 2 9c an<i sodium chloride 0.3 '"f . They t)ore out the results

obtained witli dextrose and citrate.

The work has sliown that the jduise A2 can produce ropincss from de.xirnse it

glycei'in in. the presence of meat-extract, peptone, asparagin or ammonium sul-

phate, and from glycerin with nitrate bnt not from dextrose with nitrate. Doubt-

less this is due to the formation of an acid reaction in the mediuui cuntaining

sugar and the concomitant jiroductiou of free nitric acid. Ferncyanide produced

ropiness, but the (|uantity was scanty as compared with the otlu'r sources of

nitrogen .

The phase B2 acted best witli asparagiu and ammimium sulphate. Meac-

extract gave an evanescent ropiness with dextrose, but none at all with glycerin.
The behaviour with nitrate was much the same as with A2 and proliidily I'nr the

same reason. Ferricyanide was an unsuital)le source of nitrogen.

'ihe liifluenci of I'oni/d.b- .Vdyar.s,, etc.

The acti\ity of the bacteria in the presence of various sources of carbon was

tested with a saline asparagin solution containing various sugars, etc. liojiiness

was jirotluced in the presence of saccharose, dextrose, levulose, galactose, glycerin
and mannit. It was not produced from maltose, lactose, dextrin or gum-acacia.

In testing the most suitable amount of glycerin, a solution ccmtaining 1%
sliowed ropiness first, but in time the higher percentages made headway. On the

eighth day the order of ropiness seemed to be 5 %, 1 %, 10 %and 2 '
, when tiie

slimes were coagulated and weighed. With 1 %, 100 c.c. of media gave 80 milli-

gi-ams, 2 %gave 04, 5 '^i gave 88, and 10 % gave 90 inilligrauis. The 2 % te-t

was ]irobabIy low, in which case all <|uaiitities gave much tlie same juikiuuI id' fii|)v

substance.

The ropiness seemed to become more ahundiuit when grown in deep layers of

fluid; in shallow layers there aiipears In be a greater growth cd' cells ami hss

slime.

An e.xpei'iment was made with carbohydrates when considering the subject
of acidity. A solution containing sugar or glycerin 2'~/c. KII.,P(|j 0.2 '^f,

MgSO.jAq. 0.1 9r, €a('l20.02% was made nrutrnl to methyl-red and seeded wi; h

a mixture of Al +A2 and with B2.

Talili> xii. Chauge of Kcactiuii with Siigar.« iind (xlvfci-iu.

Phase
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The eNpfi'iment showed a distinet advance of I'roiH +0° to -(-9° in the acidity

with the sugai-s iind a reduction of about the same number of degrees with glycerin

during' the four days' growth at 28°.

A more comprehensive test was iiiaik' into the effect of various sources of

carbon upon the jiroduction of ropiness. A medium containing 2 %of sugars, etc.,

0.25% meat extract and 0.5% of crystalline sodium phosphate was prepared

and portions were seeded with the phases.

Table xiii. —Sources of Carbon (1).

Phase
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TiiliU) xiv. —Sources of Carbon {2).

Phase
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Table xv. —Increasing Amounts of Sugar.

V3

Dextrose
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for assisting in the production. Levuldsc and saccharose aic .yoodseconds. There

is a suggestion that suerase or invertase is secreted by tlie bactci-ia as saccharose

is the only biose that is utilised to any extent, but a search for this en/.ynie did

not show its existence.

It is curious that the hexatomic alct)hol, manuit, should l)e so good, but it

seems to be peculiarly suitable for the i)roduction of many kinds of slime and is

ver\' frequently used in bacteriology for the nutrition of slime-forming bacteria.

Dextrose probably acts (|uite as well as the other substances, but it seems to

be specially adajited to form a slime dissolving enzyme and on this account the

rope-producing action of the stigar is not so clearly shown.

Glycerin is peculiar. It acts as a source of carbon for tne phase A'2 and

alters Al to this phase, it does not seiTe as a favourable nutrient for B2; in-

deed, it is not only unfavourable, but it also slowly changes B2 to the jihase Bl,
ind therefore acts in op]Josite directions with the two bacteria. Like mannit, it is

a general nutrient for the production of .slime from the majority of slinie-formiu^

bactei-ia, as will be seen from a perusal of my papers upon slime-forming bac-

teria.

Maltose, raffinose anil lactose may be considered as being ineapable of utilisa-

tion by the bacteria A and B. It is true that A2 can utilise them to some exten'^.

I)ut this phase is very active, and is able to make bouillon ropy, a fact which

should be considered in connection with the production of ropiness in the presence

of meat-extract.

It is probable that with suitable nitrogenous and saline nutrients and suitable

conditions as regards acidity, the liacteria A and B are capable of fonning ropy
solutions from any source of carbon, and that the absence of the bacteria, rather

than an unsuitable pabulum, sho\dd lie the object aimed at in preventing ropiness

in wattle bark infusions.

'///( fiifliD'nce (if Salts.

It is customary to add salts to bacteriological Ihuds for tlie |)urp(ise of sup-

plying all those that may be necessary for the nutritiim of the bacteria and of

raising the osmotic pressure. The ordinary nutrient bouillon, agar and gelatine

contains J % of common salt together with the salts that may be contained in

the meat-extract used in the jireparation of the media. With this amount of

saline matter, the ordinary bacteria grow very well, but it does not I'olhiw that

this amount is best for all bacteria. Water and soil bacteria, for example, exist

upon nuich less, and it is a matter of common knowledge to the bacteriologist that

the saline content of bacteriological (luids can be raised or lowered considerably
without harming the bacteria to any great e.xtent.

In the earlier experiments the saline matter had been \isually added to the

extent of ()..S %> ••"'! generally consisted of pota.ssium ])iiosphate 0.2 %. mag-
nesium sulphate, 0.1 ''/c, and calcium chloride. 0.02 %. As these may or may not

be good for assisting the bacteria in the production of the roiiy substance, a num-
ber of tests -were made to get some information upon the matter.

In ah early experiment, a solution of glycerin, 2 %, and meat-extract,

0.25 %, was divided into portions, and each received 0.1 % of certain salts.

They were seeded with A. a mixture of Al and A2. Tiiat with calcium nitrate

seemed to give the most slime on the second day. After twenty days' incubjition

the slimes were coagulated with alcohol and weighed. The inilliai'anis nl' ash-free

slime ficr 100 c.c. of li(|uiil are given below:—
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Calt'ium iiitrati'. a(| 2()()

'Jalcium i-hlorkle 175

Caleium lactate 152

Magnesium sulphate. a(| 132

Potassium mondliydiotjeii ])hospliate . . . . 105

Sodium acetate 88

No salt 85

Sodium succinate 82

Sodium lactate 80

Potassium-sodium tartrate, acj 57

The influence of the salts of the earths in promoting- the formation of the

ropy substance is clearly shown. Potassium, as represented by the phosphate, has

more influence than the indifferent salts of sodium. The weights of slime

obtained from the media containing the lactates of caleium and sodium show that

the base and not the acid is the active component of the salt, but that the acid

has some influence is indicated by the slime obtained in the presence of sodium-

potassium tartrate.

These results were obtained in a medium containing glycerin, which in other

tests had been found to maintain the original reaction or to bring about an alka-

line condition of the medium. Dextrose and other sugars produced an acid eoti-

dition and as wattle bark extracts are acid and as the carbohydrate in such ex-

tracts is probably of the nature of dextrose, possibly as a glucoside, it was con-

sidered advisable to test the activity of the bacteria in media containing this sugar
with various salts. Accordingly a fluid containing dextrose 1 %, meat-extract

0.25 %, was prepared, .and portions of it received 0.1 % of anhydrous salt.

After sterilisation the sets were infected with bacteria which had been (aken from

pure colonies upon the previous day.

Table xvi. —Salts with Dextrose 1%.

Phase



76 ROPIXESS I.\- WATTLE BARK IXFUSIONS,

Certain of the tests were examined by plate cultui'e from time to time, and it

was found that Al was pure on the 1st and 4th days. Phase B2 was pure on

the 12th daj-. Phase A2a appeared to be a mixture of Al and A2. Phasj A2
seemed to \k- influenced in its persistence by the salt. In the sodium lactate test

it was pure on the 12th day, in the citrate it contaLued a few of Al tm the 7th

day and on the same day the sodium chloride test consisted chiefly of Al.

In the presence of sodium acetate and of calcium nitrate, not only was 1 here

no sUme formed, but there was a complete absence of growth, a circumstance

which led to the examination of the influence of the acetate ujiou the production
of ropiness in bark extracts infected with rope-producing organisms.

The quantity of dextrose in the medium did not seem to affect the results to

any degTee, for the medium was strengthend with 3 ^r of dextrose and seeded

with Al. Calcium chloride gave a slight and fugitive ropiness on the 1st day
and citrate gave a fugitive ropiness on the 2nd day. All the other tests were

negative .

As the activity of the saline constituents appeared to be of importance, espe-

cially in regard to the nmtation of the organism, another test was made. In this

the dextrose was used in 2 %strength with meat-extract 0.2.5 %, and the salts as

before, viz., 0.1 % of the anhydrous salt. The infecting phases liad been taken

from typical colonies two days before the experiment was started.

a . .
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On the teuth day other tests were plated.

A2 (phosphate), typical colonies of Al as well as transition colonies

ol' the same.

A2a (citrate), typical colonies of Al.

B2 (cale. sulph.), colonies of Bl with 2 % of B2.

B2 (phosphate), colonies of Bl.

B2 (citrate), colonies of Bl.

The disappearance of the ropiness in the test with magTiesium sulphate iirst

suggested the possibility of there being a phase of B2 secreting a digestive sub-

stance akin to Al, and the actual presence of this phase Bl upon the plates led

to the examination of the stock culture. The latter was found to be pure B2 and

the conclusion was reached that bacterium A was not peculiar in alone possessing

phases or conditions with less physiological stability than races.

Part of expei-iment xvii. was repeated to confirm the changeability of phase

B2, in media containing 1 % of dextrose, 0.25 % of meat-extract, and 0.1 % of

anhydrous magnesium sulphate, sodium chloride or sodium lactate.

Tabic
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a wavy structure as it' the tlatteued colony lia<l an undulating' surfaci'. No further

change hail occurred by the sixteenth day.

The diffuse phase, Bl, was grown in a glycerin phosphate medium to see in

which dircclion an alteration would occur. On the 17th day, H'J was present, but

it had disappeared l)y the 23rd. In another test tiie bacteria on the Otli day

were all transition forms of B2, and on the 12th there were 75 % of Bl, 15 %
of B2, and 10 % of the transition form noted on the Gth.

The results seem to show that dextrose tends to maintain the phase 112 and

glycerin the phase Bl, but this is influenced by the nature of the salt.

Ordinary bouillon maintains the phase B2 and that is why the existence of

a phase lil was not suspected for a loiii;' time. II is ilit'lVvent with A2 which is

slowly changed to Al in bouillon.

After finding that levulose favoured the production of the ropy substimce

more than dextrose, the experiment with the various salts was repeated upon two

occasions using levulose as the carbohydrate. The jihases Al, A2 and B2 were

tested, and, for the sake of com]iaiison. a further set of salts with dextrose was

used for B2. The experiments duplicated one another, and the salient points of

both are embodied in the table. Both sets of Al (levulose) and B2 (dextrose)

are omitted because they were almost entirely negative; the second set of A2
was the same as the first set.

After sterilisation, the dextrose medium in the first experiment bad a reaction

of —1.5° to methyl-red and -(-3° to phenolphthalein, and this was sufficiently

{•Ikaline to give precipitates in the tubes containing the salts of lime. In the

course of the experiment, the reaction was tested on the seventh day in tests 4

Table xix. —Levulose ivith Various Salts.

phase
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and 5. Piiase A'2 with levulose showed -{-3° to methyl-red and -j-9-5° to phen-
( Iphthalcin, while B2 with dextrose showed -(-11° and -}-14.5° respectively.

Thus there was an ap]>roximate increase in the acidity during the seven days' incu-

bation of -|-5° with levulose and -j-12° with dextrose. It is possible that the

greater development of ropiness with levulose may be traced to the lesser produc-
tion of acid favouring the stal)ility of the cohesive phases of tlie bacteria.

Phase Al, in the tirst experiment, showed no ropines.s in any of tlie tests luilil

the 10th day, when that with succinate was ropy, and contained a mixture of

jihases Al and A2a. In the second exiK'riment, the tests were negative until llie

5th day, when the phosphate gave a positive result. On the 13th day, the phos-

phate contained A2 with a few transition forms of Al . On the same day the

potassium sulphate and sodium chloride tests contained the phase Al with a few
ivansition forms. On the 19th day, the ropiness had disappeared in the phos-'

l>halc test, and the medium contained A2, 2.5 %, Al, 5 % and transition forms 70

%. In this case the pliosphate ajiparently altered the phase to A2, which pro-
duced the ropy substance and, as the i)r(jportion of A2 decreased, the ropy sub-

stance dissolved. Al has been omitted from the table.

Phase A2 produced ropiness witli all the salts as well as in tlie control. It

wa-s api)areiitly too active to reijuire any assistance from the saline constituents.

On the 1 2th day, the tests containing the salts of lime were gelatinous as well

as ropy, and the media flowed like a soft jelly. In the second experiment, ])ha.se

A2a was used, and all the tests were ropy on the 2nd day, and the ropiness

persisted to the end of the experiment on the 19tli day. Thus A2a duplicated
A2.

Phase H2 with dextrose gave a slight ro])incss on the first day with tartrate

and succinate, but it liad vanished by the Si'd day. Then all tests were negative

until the 12th day, when the citrate test became ropy. In the second experi-

ment no ropiness was obtained with any of the salts.

Phase B2 with levulose gave more favourable results, but there was a derided

(iitt'erence lietween the two experiments. Tlint made on the later date gave a

greater ara<iunt of ropiness which the control test seemed to indicate as being
due to n more active condition of the infecting organism.

On the whole the saline tests, and especially those in the last two experi-

ments, seem to indicate that given a suitable source of carbon and an active

bacterium, tlie salts employed in the tests have little influence in ))i-oducing

lopiness. When the bacterium is not active, the salt may alter the jihase, and
thus assist in the ]iroduction of a ropy lif(uid .

Acetates mnl Nitrates ('lii'rk /I'ojjmesx.

The saline tests showed that nitrates and acetates prevented the development
of ropiness in artificial media, and naturally this led to testing the influence of

the acetate in hark infusions to see if the same jirohibition occurred.

One part of bark was added to two ])arts of water and varying amounts
of sodium acetate were added to the portions lief'ore seeding- with B2. Ropiness

develo])ed in the control, but not in the jiortion containing 0.03 %, i.e., 3 parts

per 10,000.

Another test was made with bark and water containing 0.02 '^/r of acetate,

iiortions being seeiled with ))iiases Al. A2 and P>2 . The controls became ropy.
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and so did phase A2 with the acetate. The phases Al and B2 with the acetate

did not become ropy.

From these two tests, it appears that the limiting strength of the acetate for

cheeking ropiness in bark infusions lies between 2 and 3 parts per 10,000.

Still one more test was made with bark and water containing 1. 2, 3 and 4

parts of acetate of sodium per 10,000, the liquids being seeded with phases Al,

A2, and B2. Ropiness developed in the tests seeded with phases A2 and B2

containing one part per 10,000 but not in the stronger solutions. Phase Al did

not produce ropiness in the weakest solution.

The conclusion that we come to from al consideration of all the tests is that

crystalline sodium acetate, when added to the water used for extracting wattle

bark, in the proportion of three parts of salt to 10,000 of water or 3 pounds to

1,000 gallons will prevent the formation of ropiness in wattle bark extract.

The Natuie of the Eopt/ Substance.

An attempt was made to obtain the slime in bulk by growing the bacterium

A in fluid media containing dextrose or glycerin, but the quantities of slime were

very small. This may possibly have been caused by autodigestion as noted in

the various experiments with sjoithetic media, but of this I have no definite in-

formation to offer. More successful results were got by gi-owing the organism

on solid agar. Several drojis of a broth culture of the organism was smeared

on plates of a medium containing glycerin 5 %, meat-extract 1 So potassium

nitrate 0.1 % and sodium phosphate 0.2 %. The first gi-owth obtained in a

few days was yellow, loose, and was easily scraped off. The second growth that

came up was translucent and elastic. It adhered w^th more or less tenacity to

the agar, and some bits could not be removed. It was noted that the toughness

increased with time, and the reason for this was explained later when it was

learned that glycerin caused the phase Al to alter progressively to A2, the more

insoluble phase.
The collection of films was treated with alcohol and filtered ; the coagulum

was treated with water in which it simply swelled up; there was no solution.

The swollen slime was heated in an autoclave at three atmospheres' pressure for

half an hour when a solution and a sediment were obtained. The liquid was fil-

tered with the aid of aluminiimi hydrate, and the filtrate was concentrated by

evaporation. A portion sufficiently dilute to enable light to pass through was

tested in the polariscope and found to give a reading of -|-2.i2'' in a 200 mm.
tube. Thus the gum was dextro-rotatory. The solution was further evaporated
to a mucilaginous consistency and tested dropwise with various reagents.

Coagulation was effected with alcohol, basic lead acetate, ammoniacal lead

acetate, ferric chloride and phosphotungstic acid, but the following had no act-on:

lead acetate, baryta water, lime water, milk of lime, copper sulphate, the same
followed by sodium hydrate. Fehling's solution, iodine, tannic acid, sodium hydrate
or sulphuric acid. These are the general reactions with the autoclaved slimes,

i.e., slimes which by the autoclave treatment have l)een separated into a soluble

gummy matter nn<l into coagulated proteid. The natural, uncoagulated ropy sub-

stance would behave i|uite differently. In one case where a slime was autociaved

for five and a half houi-s. coagulation was effected only with basic lead acetate

and by phosphotungstic acid.
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The sohible condition of the gummy matter does not appear to be stable, for

when it was evaporated to dryness it became insoluble, and did not again form

a solution with water.

The thickened mucilage which did not contain any reducing sugars, was

boiled for ten hours with 5 % sulphuric acid under an aerial condenser, and

during the hydrolysis it was noted that, like all the bacterial gums that I have

examined, furfural was given off. The solution was neutralised with barium car-

bonate, filtered, treated with basic lead acetate, filtered, treated with sodium car-

bonate, again filtered, acidified with acetic acid, and evaporated. The solution

ivas dextro-rotatory .

The osazone was prepared in the usual manner, and the bulk of the tar

was removed by percolating the dried crystals with chloroform, then by a mix-

ture of chloroform and alcohol, and finally with chloroform. The crystalline

mass was dissolved in alcohol and allowed to stand. Successive crops of crystals

deposited, and were removed, dried and tested for their melting points. These

ranged from 202° to 193°. The intermediate crops were again crystallised, but

in no case could crystals with a m.p. higher than 202° to 203° be obtained.

Doubtless they were a mixture of glucosazone, m.p. 205°, and galactosazone, 193°,

but the quantities were always too small to enable the pure glucosazone to be

obtained. It is possible that the small quantity of glucose was present in the

hydrolysed gums as an impurity. In testing the gum previous to hydrolysis for

sugar, no positive indication was obtained, but it must be remembered that only

a small portion was used and, while the impurity may not have been detectable

in a small portion, it may show itself in the bulk after hydrolysis.

As an example of the relative amounts of crystals obtained, the following

weights from a half portion of the hydrolysed gum are given.

1st crop
—12 milligrams, 201°

2nd ,
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potassium citrate 0.3 <^-r with 0.1 St <'t taunic aciil atlded at tlie time of poiiriiig

the jilates. After 17 clays at 22°, the tihiis were jiicked off. suspeiuled in water

overnight, and coagulated with alcohol. The water and alcohol treatment was

repeated. The films suspended ill water were heated in the autoclave fo'" 15

minutes at three atmospheres pressure, l)ut tlie treatment did not liquefy them.

The water was acidified with two c.c. of normal sulplnnic acid wliich produced an

acidity of -)-5°, and the suspension was again autoclaved for an liour. The

films liad dissolved. The solution was carefully evaporated to smaller volume,

and a ijoi'tion was clarified with alumina cream and the rotation of the fluid

observed. The ash-free solids had a specific rotation of [a]D
=

-|-0.017°. The

solution gave a yellow precipitate with Fehling's .solution, and it apjieared that

the treatment had partly hydmlysed the gum. It was treated witli alcohol, and

the unaltacked gum was filtered off. The ash-free solids in the filtrate had a

specific rotation of
[,i]ji ^=-|-0.002°. The ditlcrence between these two rota-

tions shows that the gum. ]ireci|>itabl(' by alcohol is slightly dextro-rotatory.

Tlie Aciih fiiriiicd hij the Biirleriii.

In the routine testing, the bacteria, A and B, were found to produce acid

and gas from dextrose and saccharose when these sugars were present in broth.

The nature of the acids was further examined. Tlie bacteria were grown in a

medium containing 5 % of dextrose, 1 % of meat-extract, and 0.5 % of sodium

jihosphate with the addition of chalk from time to time. The bacterium B2 used

up the carbonate more quickly than Al or A2, and naturally yielded a greater

quantity of acids when tlie cultures were worked up at the end of a month's

inculiation.

Tlie methoil followed in determining the nature of the acids, etc., was es.sen-

tially that described in these Proceedings*

Ethyl alcohol was found in small amount in the cultures from both bacteria.

It was proved by giving the iodoform test, by burning with a blue flame and by

having aB.P. of 79°.

A small quantity of insoluble fatly acid was ohlaiiicd fnim the culture of each

bacterium. That from A melted at 37°, and from B at 32°. Both were pro-

bably mixtures, but the quantities were too small to separate. The softer acids

of B were spread on a piece of filter paper and incubated at 28°. when the

more fluid portion was absorbed, leaving a resid\ie which melted at 40°, and be-

came clear at 42.5°.

The volatile acids did not contain formic acid. The solutions were neutralised

with baryta water, and after evaporation were dried at 140°. The A salts con-

tained .52.36 % of barium, the B salts 53.8 %. As barium acetate contains

53.73 % of l)ariiuu. it is clear that the volatile acids in both ceases consisted

entirely of acetic acid.

The non-volatile acids contained a small (|uantity of an acid giving a lime

salt insoluble in 70 9r alcohol. After aciilification and extraction with ether,

monoclinic prisms, melting at 182°, were ol)tained. Succinic acid under the

same conditions melted at the same temperatnre, and thus it was proxcil that

botli bacteria form a small (|uantity of succinic acid.

The only other non-volatile acid was lactic. The zinc salt of lactic acid was

jircpared from two cultures of the A bacterium originally seeded with Al and

•/.or. cit., 1901, 606; 190.% 114.
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A2. The ihst: Al. was separated as the lime salt t'vom the non-volatile acids;

the second was prepared directly t'nim the total acids. Al contained 18.12 %
ot water of crystallisation, and A2 contained 18.42 %. The latter showed a

specific rotation ot [Jp --= —3.35°, and upon being acidified with hydrochloric

acid in the proportion of 2 c.c. of strong acid to 20 c.c. of solution it showed no

rotation. The acid was theiefore inactive lactic acid with a laevo-rotatory zinc

salt, and this was apparently the only form of acid present.

In preparing the zinc salt of the B2 acid, three crops of crystals were obtained.

The first weighed 2.02 grams, and contained 13. 2G % of water of crystallisation.

Zinc jjaralactate contains 12.9 %, equivalent to two molecules. The zinc salt

when dissolved in water had a specific rotation of [aJD
^ —

5.18", and with

the adilition of 2 c.c. of strong hydrochloric acid to 20 c.c, the rotation became

[Jd =
-(-2.74°. The firet crop of crystals therefore consisted of paralactate.

This acid is said to be contained in meat-extract, but in this ease it was the result

of tile bacterial activity, because it was not found in the cultures from Bacterium

A which was grown in media prepared fiom the same formula.

The second croj) of crystals weighed 0.8 grams, and contained 15.18 % of

water of crystallisation, showing it to be a mixture of two forms of acid. The
third crop weighed 0.30 grams, and contained 18.75 % of water. The zinc salt

of ordinary ethylidene or fermentation lactic acid contams 18.18 %, equivi-.lent

to three molecules of water, and this was undoubtedly the form of acid in the

third crop of crystals.

The calcium salt was prepared from a portion of the non-volatile acids. It

containc<l 26.50 % of water, equivalent to 4J molecules (26.2 %), and was*

either a mixture of the calcium salts of the two forms of acid, or it was the

more insoluble paralactate, as was indicated by the comparative (fuantity obtained

(2.0 grams). The calcium salt of the ordinaiy :i<-i<l would probal)ly have been
in the mother liquor from the crystals.

The acids formed by the two bacteria, A and B, from dextrose in the pre-
sence of chalk have been shown to consist chiefly of lactic and acetic acids with
small quantities of succinic acid and mixed insoluble fatty acids. Ethyl alcohol

was also formed in small amount, and it may be that this was the source of the
acetic acid. There was a difference in the nature of tiie lactic acids. Both
bacteria formed the ordinary fermentation lactic acid, but B2, in addition, ]iro-
duced the dextro-rotatory paralactie acid.

A Glucoside may he formed.
—When the A2 culture was acidifle<l witli sul-

phuric acid and extracted with ether, a quantity of fllras was carried uji by the
&ther and conveyed to the distillation flask. At the end of the extraction, the
fther was shaken up with water and the sui)ernatant ether containing the acids
wa.s used for their identification. The yellowish watery liquid was evaporated,
and yielded a syrup which was assumed to be glucose carried over with the
films. Upon ta-sting it. however, it was found to be intensely bitter. The syrup
was diluted with water, acidified with acid and shaken up with chloroform. The
chloroform was evaporated off, and a yellow bitter syrup obtained. The acid
solution was treated with ammonia in excess and again extracted with chloro-
form. Upon evaporating the chloroform, a small quantity of a colourless bitter

syrup remained. Tl)e presence of a glucoside is therefore indicated, and should
this prove to be correct, the further examination will be dealt with in a future
paper.
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Cultural Cluiructers.

BACTERiUil A, witb phases Al ami A'J. A2a.

Morpholo(jij.—A. Gram-negative, motile, short rod with rouudod ends. It

appears generally as a rod 0.5 X 1/^j but varies from an apparent coccus to

rods up to 2/i in leng-th. Spores were never observed. The flagella are long

and vary in number. They are frequently single, and polar, but more often they

are peritrichous. Up to five have been observed.

Nutrient ac/ar stroke.— X raised, glistening, .canary-coloured growth of loose

consistency. The cohesive phase A2 grows as a dry rough expansion.

Nutrient agar colonies.— Xiter a day's incubation at 28° there is little dis-

tinction between the phases beyond the tints under the microscope. Al is yel-

lowish, A2 is gTey, and all phases are either homogeneous or have a finely granu-

lar centre. Differences are readily seen on the second day, when Al is circular,

slightly raised and yellowish, while A2 and A2a are milky white and dome-

shaped. A2a maintains the dome shape, bvit A2 has developed or will develop

a more or less flattened and corrugated base, so that the whole colony has a

nipple-shape. In consistency Al is quite loose, A2 and A2a are ropy or tough,

and adhere firmly to the agar from which the colony has to be dug away. A2a

is more ropy than A2. Microscopically, Al is canary-coloured, A2 and A2a

are smoke-coloured or gi-ey. Al has a granular centre witTi homogeneous outer

portion. A ring of egg-shaped granules is frequently seen around the centre

among the smaller granules which become finer and ultimately vanish in the

homogeneous portion. The granulation may be replaced by a stippling due to

'the presence of small clusters of crystals of triple phosphate. In old plates,

four or five days, the agar becomes studded with comparatively large aggregates

of the same crystals. A2a is round, has a dark centre and a cog-wheel struc-

lure at the margin. In some cases the centre is lighter, and a rosette structure

can be maae out. A marginal ring shows protrusions which alternate with tlie

points of the rosette giving rise to the cog-wheel appearance.

A2 is not rounded or circular like A2a, but is more or less roughly dentate.

There are usually from five to seven lobes, more or less roughly pointed, and

the rough points consist of frog-s]iawn-like masses of gi-anules. The internal

stnicture is not visible, but there is an occasional suggestion of a rosette or

radial structure.

Divergences from these phases have been noted as transition forms. The

main difference between Al and A2 is in the colour, the difference between a

canary colour and a smoke tint. The yellow transition colonies range from the

more or less pitted forms of the stippled or granular colonies of Al to those in

which the wliole colony is gTanular with the grannies radiating to the edge and

becoming more and more coarsely granular as tiie margin is approached. The

smoke-coloured transition colonies show a fibrous structure, the coarse f.bres

stretching from a dark centre to near the margin. Some colonies have been

seen with this fibrous striicture at one side and the A2 structure at the other.

The difference in microscopical structip-r is closely associated with tiie flat,

dome or nipiilc-shaited macroscopical structure of the colony.

"Wlien the bacteria have been quiescent for some time, as, for example,

when they have been existing iipon agar or in brotli for a month or two without

transfer, these differences may not be noted. Raised, flat-topped colonies may
form, and these do not show any characteristic markings.

Ntdrient-gelatin stnh. —Tn three days. Al showed a filiform canal and sunken

nail-head. In five days there was a liiiuefied saccate area at the top of tlie canal.
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A2 and A2a showed a filiform canal with an npper portion waved and hearing' a

flat nail-head. In five davs the nail-head had become a napiform softened area.

Nutrient tjelatin eoloires. —Al gave colonies showing an irregular, granular,

ivy-leaf-like structure in a shallow depression of softened gelatin. By the fifth

day the gelatio had H(|ueflcd and the growth had broken up into irregular scat-

tered grannies. A2 and A2a liquefied the medium slowly, and the colonies re-

jnained as moruloid or frog-spawn-like masses of irregular gi'anules.

Glucose gelatin colonies. —The phases were all much the same, and this ap-

plies to all media with sugar. Al gave pale yellow colonies with i-aised centres

and raised circular margins (button-shape) ; they were about 7 mm. diameter in

four days. A2 grew as irregular moruloid masses, 3-5 mm. in diameter. Both

phases softened the gelatine.

Dextrose agar.
—Al gTew as a smooth raised colony of ropy consistency; A2,

dome-shaped, with or without a rugose margin, and the consistency wa.s rubber-

like rather than ropy.
Bouillon. —A pronounced surface film and slightly turbid medium with a

faint deposit excepting when a film has fallen down. A2 causes the upper layers

of medium to be ropy. Nitrates are reduced to nitrites, indol is formed and

anmionia is produced.

Potato. —A scanty, glistening, pale buff growth.

Starch. —Faint saccharification occurred.

Litmus-milk. —The medium was unaltered.

Litmus broth icith sugars, etc. —Saccharose and dextrose gave acid and gas.

Mannit showed a bleaching only, lactose was unaltered.

Classification number. —221 .131.3523.

Bacterium B2.

Morphologg.
—As A2, but a little stouter rod, 0.(1^.

Nutrient Agar Stroke. —As A2.

Nutrient Agar Colonies. —A corrugated, dome-shaped colony smaller than A2,

in appearance like a minute white raspberry. Microscopically, the colonies on

thickly sown ]ilates show a granular central area bounded by an irregular, dark,

ivy-leaf shaped band outside which and half way to the edge there is a dark

circular ring; otherwise the colony structure is coarsely granular. The freely-

growing colonies have often rosette or spoke-like marking's extending from the

centre to the repand edge, but the typical structure is mesenteric.

Nutrient gelatin stab. —As A2, but the liquefaction is very slow.

Nutrient gelatin colonies. —As A2.

Glucose gelatin colonies. —As A2, but Ihey do not liquefy the medium.

Dextrose Agar.
—As A2.

Bouillon. —As Al, but the film is flakey.

Potato. —A glistening white growth.

Starch. —As A.

Litmus milk. —As A.

Litmus broth with sugars, etc. —As A.

Classification, number. —As A.

The two bacteria have some resemblance to Bac. Atherstonei, the variable

galactan bacterium described by me as having been obtained from the tissues of

Strgchnos Atherstonei.* That organism exhibited two phases. The colonies in

glucose-gelatin grew as brittle transparent masses, apparently containing a brittle

•These Proceedings, 1904, 442.
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transparent ^lun. anil as loose, yellow, sliiucy gi'owtlis. Tlic cohesive ])liase was

rapidly cliangetl to the ilittuse phase by growinj;- in s^hieose-selatin at 30°. The

gum was a galaetan, hut was liydrolysed witli difficulty, while tlie reactions oT the

mucilage were clitt'eretit from those noted with the wattle-hark hacreria.

( 'iixri.rsioxs.

The imcstigation was undertaken with the idea of endeavouring to eluciilate

one of the i)roblenis that is occasionally' met hy tlie tanner. It is possil)le that

every case of ropiness may not he bacterial, hut it may be granted that in the

great majority of cases it is a Ijacteriological phenomenon, and any infornuitiim

regarding it sliould lie of value.

To attack the problem from the side of the tannery would he a matter of

nnich dilliculty, for one cannot always get cases of ropiness at suital)lc times,

and, when rojiiness does occur, circumstances may not be sucli as to facilitate the

investigation. That it is not an easy ])roblem is shown by the fact that up to {he

present it has not been investigated, and, doubtless, tliis may be traced to the

nudti]iiicity of organisms swarming in the tan-li(jUors and tlie habit whicli slime

bacteria have of growing in cliiin])s. while most of the other bacteria diffuse

themselves. It apiieared to be an easier way to attack tlie problem from another

aspect, that of the ropiness that occurs in wattle bark infusions, and there is

every reason to believe that the results obtained with the infusiims will he laiucly

applicable to tanning li(|uors.

In the bark of wattle trees, many bacteria may he capable of producing ropy

infusions, but so far only two have been found. They are closely allied to one

another and differ, not so much in their bacterioscoi>ic characters as in their phy-

siological properties, that is, in their ])ower of forming the ropy substance under

different conditions, especially as regards nutrition. The bacteria lia\'e been pro-

visionally named A and B. Like several gum-formiug bacteria which have been

descrilied by the writer,* each bacterium can show two phases, one forming' a

comparatively soluble slime, the other giving a viscous slime.

The pos.session of two phases is not unique and possibly a double phase may
be expected to occur with many slime-forming bacteria. The alteration of phase
is possibly associated with the presence or comparative absence of a gum-digesting

enzyme. The soluble phase certainly possesses a larger amount id' a gelatine-

dissolving en/.yme, and one can, at will, by altering the incubation temi)erature,

obtain a mobile or a viscous fluid.

There appears to be something in liark infusions that induces the snliilile

phase to become the insoluble phase and gives rise to ropiness.

The tannins of hark infusions liave a prohibiting action upon the formation

of ropiness, cm account of their property of co.ag'ulating the slime, and for this

to occur a certain concentration is necessary. For Racterium .\ this is e(|uiva-

lent to a specific gravity of 1.024, and for Bacterium B, 1.048. Pure tannic

acid is more active, for the prohibiting amount is much under the (|iianlities of

tannin represented by the gravities of the infusions. In synthetic media. 2 '^

r of

tannic acid prevents the formation of ropiness by coagulating the slime, as it is

formed, upon the bodies of the bacteria.

In view of this differenti.nl action of tannin as compared with tannic .-ii-id.

'Tlie liaotei-iii rusponsible for tlic |iv<iiluctiou tif the soIuMe :iud uisolulile wattle

gums were uained /I. ticaciae aud /?. iiiitunihiiniiii, and it was shown tliat the one form
could lie nlterc'il ti) the other. //. .U/irrsloiiei fthese Proceedings, liKH. H'i) exists as

two phases, .me tunning a sqlulilc sliuie. the .tlu-r ]iroducing !in insoluble gelatinous

gabictau.
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tlu' lial)ilit.v oL' weak taiining' cud liiiuors to become ropy \vill depend ui(u:i the

taunie acid, for the tannins will have become liydrolysed by bacterial action to

glucose and tannic acid. Thus afresh liquor with asp. g. of, say, 1.02-i, con-

taining about 5'^r of tannin will be quite different in its action to an old liquui

of the same gra\ity containing perhaps 5 % of tannic acid. Again, it has been

shown that certain salts, notably acetates, prohibit the growth of the rope-

forming l)aeteria. Acetic acid is a very common by-product of bacterial activity,

and may follow up the alcoholic fermentation should yeasts become active in the

liciuors. If acetates are present in the spent liquors they will have a decided

influence in preventing the development of ropiness. The matter is therefore

complicated; so much will depend upon the composition of the li(|uoi'.

Once the ropiness is formed in infusions still in contact with the bark, it

does not disappear even although the concentration of tannin becomes greater

than that necessary to coagulate the slime. Under similar conditions in synthetic

media, or in infusions out of contact with (lie bark, tlie riipiness disappears either

through coagulation or digestion.

The acidity of the infusion doubtless jilays a part in promoting ropiness.

This was the case with synthetic media which with some phases of the organisms

gave most ropiness when the acidity varied from -|-8 to -|-12°, or when it con-

tained from 0.75 %to 1 %of tannic acid. In opposition to thi^, the bacteria when

grown in the presence of chalk and, thei-efore, in a neutral medium, produced

ropiness at 28°, and not at 37° .

But the main condition is the presence of a sugar and of tlie many that were

tested, galactose was the most efficient in promoting the formation of uuieus.

Levulose, saccharose, dextrose and the non-sugars, matniit and glycerin were

nearly as good, while maltose, lactose and raffinose wei-e iucaiiable of assisting

the slime-forming function.

The nature of the salts did not ajjpeaa' to have nuu-li lutluence when sufh-

cient sugar was present. But with a detieieney of sugar (1 %) or with a feeble

bacterium, the salt may play a part. Acetates and nitrates prevented the j;rowth

of the acti\-e bacteria, and they give us a means of preventing the development

of ropiness in bark infusions and presumably in tanning liq»iors. Three poimds

of acetate of soda to 1,000 gallons of the water used in making the extract will -

prevent the development of ropiness.

So far as the nitrogenous food is concerned, it did not seem to matter much

wnetber meat-extract, peptone, asparagin or ammonium sulphate was used.

Nitrates in alkaline solution will also serve, but in the presence of acid or what

comes to the same thing, in the presence of sugar, they prohibit growth.

The ropy substance itself is a galactan, and by the hydrolytie action of sul-

phuric acid is converted to galactose. The insoluble slime swells u]i enormously

with water, and in common with most insoluble gums, can be liquefied by heat-

ing under pressure in contact with a small quantity of sulphuric acid (-\-5°).

Certain l)y-producfs are formed l)y the bacteria when growing in solutions of

dextrose and saccharose in the presence of chalk. These consist of ethyl alcohol,

succinic acid, a mixture of fatty acids, all in small amounts, and acetic and fer-

mentation lactic acids. The lactic acid preponderates. In addition to these,

which are formed by both bacteria, Bacterinm B produces paralactic acid.

Other differences between the bacteria A and B are that B does not seem to

Ite able to utilise glycerin, and its insohible phase, as compared with A. is verv

stable .
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SUMSIARY.

Two closely allied bacteria were isolated from ropj' infusions of wattle bark.

Tbey caused the mucinous fermentation of bark infusions and of synthetic media

containing sugar.

Fresh infusions, of Sp.G., 1.024 and less, were made ropy by A, and of 1.048

and less, Ijy B.

The bacteria exist in two phases which can bo altered at will. One jiroduces

a soluble slime, the other an insoluble mucus. The rojiiness Ls produced chiefly

by the insoluble phases.

The utilisal)le sugars are galactose, levulose, saccharose and dextrose, the

non-sugars are mannit and glycerin.

The sources of nitrogen include meat-extract, peptone, asparagin. ammonium

sulphate, and potassium nitrate in alkaline solution.

The saline constituents have little influence in presence of sufficient sugar.
A slight acidity favours the production of ropincss, the optimum ranging

from
-|-

8° to -|- 12°. The optimum amount of tannic acid runs from 0.75 % to

1 %. The limiting amounts are -|-30° and 2 %of tannic acid.

The mucus is a galactan, and is hydrolysed to galactose.

The by-prodiK'ts from sugar are chiefly inactive lactic and acetic acids. Ethyl
alcohol, succinic acid and a mixture of non-volatile fatty acids are produced in

small amounts. In addition to these, bacterium B produces paralaetic acid.

I have to thank Mr. F. A. Coombs for information regarding the iise of

wattle-bark and for obtaining the opinions of some tanners upon the occurrence
of ropiness. I am also indebted to Mr. "W. W. L'Estrange for nnicli valuable

assistance given during the course of the investigation.

Appendix: —
Opinions tijj(i)i I!op>)iess.

Mr. F. A. Coombs, Lecturer upon Tanning in the Sydney Technical College,
circularised a number of master tanners asking their experieuee regarding the

occurrence of ropiness in wattle bark liquors, and the replies are thus summarised.

Kopiness does occur in wattle bark liquors, but as to its frequency in barks

from particular places or from young or old trees no inforin%tion could be ob-

tained.

It occurs in liquoi-s prepared from immature or freshly-stripped liark.

It is met with most frequently during the Summer months, January, Febru-

ary, and March, but may also occur in the Spring.

Ropiness may develop in weak or .strong liquors.
If the liquors stand for a fairly long time without handling they may become

ro|iy.

It may not be attributed to the constant use of spent colouring li(|uors, but

this presumes that they have been treated in some way. One tanner was definite

in stating that the trouble starts with the use of weak colouring liquors that

ought to be run away, and added tliat ixissibly some fanners, wlien strengthening
the six'nt li(|uor.'., let the bark ferment.

Kopiness occurs in liquoi-s other than wattle-bark li(|Uors.

The weak or sjjent liquors, when not run away, are either steamed, boiled, or

treated with disinfectant, and in these ways tlio development of ropiness in the

liquors is prevented.
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EXPLAN'ATiON OF PLATE IX.

Colonies growing on the surface of Nutrient Agar.

1.—Cobny of Al.

2. —Colonies of Al and A2a growing side by side. The almost homogeneous
character of Al and the cog-wheel structure of A2a are brought out.

3. —Colony of A2. This was a specially translucent colony. They are generally

opaque, except at the margm.
4,- —Colonies of B2. Thickly sown colonies, showing the ivy-leaf structure.

5. —Colony of B2. Mature colony, showing the r.nesenteric structure.

6. —Ropy Bark infusion, flowing siphon-wise.

(Photographed by Mr. W. W. L'Estrange.)


